Previously, we isolated a replicon from a defective Marek's disease virus (MDV), analogous to defective herpes simplex viruses (amplicons). Defective viruses contain cis-acting elements required for DNA synthesis and virus propagation such as an origin of DNA replication and a packaging-cleavage signal site. In this report, the MDV replicon was utilized to locate an origin of MDV DNA replication. A (11, 12, 19, 30, 34, 35) . Molecular analysis of HSV amplicons revealed three lytic replication origins (oriL and two copies of oris) and a packaging-cleavage signal site within the HSV genome (11, 12, 30, 31, (33) (34) (35) . DNA sequencing. DNA sequencing of the 4-kbp MDV replicon was initiated to identify a potential origin of replication in MDV. pA5I was constructed by cloning the 4-kbp replicon into pUC19 in the inverse orientation with respect to pA5. Unidirectional deletion mutants were created from pA5 and pA5I with exonuclease III and Si nuclease (Boehr-inger Mannheim Biochemicals, Indianapolis, Ind.), and then deleted clones were recircularized with T4 DNA ligase (16). DNA sequencing was performed with double-stranded plasmid templates and the dideoxy chain termination method (26). In all sequencing reactions, the Sequenase enzyme (United States Biochemical Corp., Cleveland, Ohio) was used as recommended by the manufacturer. MDV replicon sequences were compared with sequences in the GenBank data base with the MacVector (International Biotechnologies, Inc., New Haven, Conn.) computer program.
Marek's disease virus (MDV) is a highly cell-associated avian herpesvirus. In chickens, MDV is the etiologic agent of Marek's disease, a malignant T-cell lymphoma (7) . There are three MDV serotypes. Serotype 1 includes oncogenic MDVs and their attenuated derivatives, serotype 2 includes the closely related, naturally occurring nononcogenic chicken herpesviruses, and serotype 3 is the antigenically related nononcogenic turkey herpesviruses. MDV pathology has been extensively characterized (7, 23) . Molecular analysis of MDV, however, has lagged behind that of other herpesviruses, primarily because of technical difficulties presented by the tightly cell-associated nature of MDV infection.
The MDV genome, a double-stranded linear DNA molecule of approximately 160 to 180 kbp, consists of a unique long (UL) and a unique short (Us) segment flanked by inverted repeats (TRL, IRL, IRS, TRS). MDV has been classified as a gammaherpesvirus based on its lymphotropism (25) . However, the overall genomic structure and colinearity of many MDV genes to those of alphaherpesviruses such as herpes simplex virus (HSV) and varicellazoster virus suggest that MDV should be reclassified (5) .
Previously, we reported the isolation and characterization of a defective serotype 2 MDV (8) . The defective MDV (replicon) genome exists as a high-molecular-weight head-totail concatemer consisting of 4-kbp viral monomeric repeats and appears to be analogous to HSV amplicons (12) . A 4-kbp repeat was cloned into the EcoRI site in pUC19 and was designated pA5 (8) .
HSV amplicons contain multiple head-to-tail reiterations of monomeric repeat units derived from either end of the Us fragment or from two noncontiguous regions within the Us * Corresponding author.
and UL fragments of the HSV genome (11) . HSV amplicons replicate and propagate in the presence of a helper virus (11, 12, 19, 30, 34, 35) . Molecular analysis of HSV amplicons revealed three lytic replication origins (oriL and two copies of oris) and a packaging-cleavage signal site within the HSV genome (11, 12, 30, 31, (33) (34) (35) . DNA sequencing. DNA sequencing of the 4-kbp MDV replicon was initiated to identify a potential origin of replication in MDV. pA5I was constructed by cloning the 4-kbp replicon into pUC19 in the inverse orientation with respect to pA5. Unidirectional deletion mutants were created from pA5 and pA5I with exonuclease III and Si nuclease (Boehringer Mannheim Biochemicals, Indianapolis, Ind.), and then deleted clones were recircularized with T4 DNA ligase (16) . DNA sequencing was performed with double-stranded plasmid templates and the dideoxy chain termination method (26) . In all sequencing reactions, the Sequenase enzyme (United States Biochemical Corp., Cleveland, Ohio) was used as recommended by the manufacturer. MDV replicon sequences were compared with sequences in the GenBank data base with the MacVector (International Biotechnologies, Inc., New Haven, Conn.) computer program.
A 90-bp A+T-rich sequence, closely related to HSV and varicella-zoster virus replication origin sequences, was located between a PstI-to-BdnHI site of pA5 (9, 20, 33) (Fig.  1A) . Overall, the 90-bp sequence contains 72% sequence identity to core regions of the HSV-1 oris and oriL and 66% sequence identity to origins of varicella-zoster virus and equine herpesvirus 1 replication (2, 9, 20, 24, 32, 33) (Fig.  1B) . Neither the replication origins of Epstein-Barr virus (oriP and oriLyt) nor those of cytomegalovirus contained sequences similar to the putative origin of serotype 2 MDV replication (1, 13, 14, 15, 37) .
The 90-bp sequence is arranged in an imperfect palindrome containing 30 bp of alternating AT residues, whereas the oris and oriL of HSV contain a nearly perfect palindrome with an 18-bp A+T-rich region (9, 33) . Lockshon and Galloway (20) reported that the palindrome center, containing the 18-bp A+T-rich sequence, is essential for HSV type 2 (HSV-2) replication. However, expansion of the 18-bp A+T-rich region to 52 bp by introducing alternating AT sequences did not abolish the HSV-2 replication function (20) . Interestingly, the putative MDV replication origin also contained a 9-bp sequence (CGTTCGCAC) that is highly conserved in alphaherpesvirus replication origins (2, 24, 32, 33) . This 9-bp sequence is a subset of an 11-bp motif (CGTTCGCACTT) shown to be recognized by the HSV type 1 (HSV-1) origin-binding protein, the product of UL9 gene expression (10, 18) . Recently, Bruckner et al. (4) reported that the HSV-1 origin-binding protein contains helicase activity, possibly used for unwinding DNA duplex at the origin. Others have recently reported that proper interaction of origin-binding protein with oris, containing the 11-bp motif, is essential for DNA replication (17) .
Plasmid replication. To determine whether the putative MDV origin, identified by DNA sequence analysis, could function as a replication origin, we constructed a series of subclones from pA5 (Fig. 2) (6) .
As expected, EcoRI and DpnI cleavage of 281MI/1-infected CEF DNA produced 5.5-, 5.2-, and 2.8-kbp fragments which hybridized to the 4-kbp replicon probe (Fig. 3, lane 2) .
The 4-kbp replicon probe, however, did not hybridize to uninfected CEF DNA (Fig. 3, lane 1) (Fig. 3,  lane 4 ) in addition to the three EcoRI fragments. Methylated input pA5 DNA mixed with 281MI/1-infected CEF DNA was cleaved by DpnI, indicating that DpnI resistance was not a result of inhibition of DpnI activity (Fig. 3, lane 5) .
Results of the DpnI resistance assay confirmed that the Thus, 32P-labeled pA5 was used as a probe to detect both plasmid DNA as well as helper virus DNA. As expected, intact pA5 was able to replicate in the presence of helper virus DNA (Fig. 4, lane 5) , generating DpnI-resistant EcoRI fragments of 4 and 2.7 kbp corresponding to virus-and plasmid-specific bands, respectively. However, pA5 alone did not show replication activity, suggesting that functions provided in trans by a helper virus are essential for replication (Fig. 4, lane 3) . Methylated input pA5, used as a control, was susceptible to DpnI cleavage (Fig. 4, lane 1) . Among tested subclones, only pA700, which contains the putative MDV origin of replication identified by DNA sequence analysis, replicated as indicated by a DpnI-resistant EcoRI fragment of 3.4 kbp (2,686-bp pUC18 plus 700-bp PstI-toBamHI MDV DNA) (Fig. 4, lane 9) . CEF cells cotransfected with 281MI/1 DNA and pNOTA5, p281MI-1, or pCK300 (Fig. 2) representing the remainder of MDV replicon DNA
were not DpnI resistant, indicating that they do not contain an origin of replication (Fig. 4, lanes 6 to 8) . In all cases, a fraction of input plasmid DNA was susceptible to DpnI cleavage and migrated as low-molecular-weight material, evident after prolonged exposures of the autoradiogram (data not shown).
Results of DpnI resistance assays indicated that a functional origin of MDV replication is located in a 700-bp PstI-to-KpnI subfragment of the MDV replicon. The complete nucleotide sequence of the 700-bp fragment is shown in Fig. 5 . Comparison of pA700 nucleotide sequences with the GenBank data base revealed no significant sequence homology to any known viral sequences. The exact location of the MDV replication origin in the 281MI/1 viral genome is unknown because of the lack of complete restriction endonuclease maps or genomic clones of serotype 2 MDV. Studies from our laboratory indicate that there are two copies of the replicon sequences within the 281MI/1 viral genome (27) . This suggests that there are at least two replication origins in MDV.
HSV contains two copies of oris within TRs and IRS and was localized by utilizing HSV amplicons (11, 12 
